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BIM and architectural heritage: towards an operational methodology 
for the knowledge and the management of Cultural Heritage
The study aims to answer the growing need for 
virtuously organize informational apparatuses 
related to Cultural Heritage. We propose a me-
thodology that integrates multidisciplinary pro-
cesses of interaction with information aimed at 
survey, documentation, management, knowled-
ge and enhancement of historic artifacts.
It is needed to review and update the procedu-
re of instrumental data acquisition, standardi-
zation and structuring of the acquired data in a 
three-dimensional semantic model as well as the 
subsequent representability and accessibility of 
the model and the related database. If the use 
of Building Information Modeling has in recent 
years seen a consolidation in the procedures and 
the identification of standard methods in design 
process, nevertheless in the field of architectural 
heritage, the challenge to identify operational 
methodologies for the conservation, manage-
ment and process enhancement is still open.
Lo studio intende rispondere alla crescente ne-
cessità di organizzare in maniera virtuosa gli ap-
parati informativi relativi al Patrimonio Culturale, 
attraverso una metodologia che integri processi 
multidisciplinari di interazione con l’informazio-
ne, finalizzati al rilievo, documentazione, gestio-
ne, conoscenza e valorizzazione del Bene.
È necessario ripercorrere, attualizzandolo, il pro-
cesso di acquisizione strumentale dell’informa-
zione, di normalizzazione e di strutturazione dei 
dati acquisti in un modello semantico tridimen-
sionale e la successiva rappresentabilità e la frui-
bilità del modello e della banca dati associata. Se 
nel campo della progettazione l’utilizzo del Buil-
ding Information Modeling ha visto negli ultimi 
anni un consolidamento nelle procedure e l’indi-
viduazione di metodologie standard, nell’ambito 
dei Beni Culturali, la sfida volta all’individuazione 
di metodologie operative è ancora aperta.
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IntroduCtIon
Understanding and managing cultural heritage consti-
tute a real objective of knowledge and science.
The potential offered by today’s digital technologies, 
which are useful to this purpose, has opened an in-
ternational challenge on the ability to identify appro-
priate operational methods to the different needs of 
Cultural Heritage domain.
The acquisition of instrumental activities must be un-
derstood as improvement of data integration proces-
ses. That is, to allow the repeatability of processes 
both on the real object and on the virtual model: this 
way, the virtual model becomes the scientific basis for 
the study, the comparison and the integration with the 
following in-depth analysis.
The realization of an information-cognitive integrated 
model needs a process of data normalization and or-
ganization. This process has to be based on a multidi-
sciplinary approach that takes into account the speci-
ficities and needs of the potential users of the system.
The implementation of parametric models, intercon-
nected through constraints and rules that guarantee 
formal, constructive and relational coherence within a 
single virtual system, is indispensable.
It is necessary to fully explore the potential of the va-
rious technologies available, both in BIM and in data 
processing field, which permit us to store, elaborate 
and represent the heterogeneous data that characte-
rize the architectural organism.
For this reason some researchers, from different Ita-
lian universities, have created a network that aims 
to organize virtuously information systems related to 
cultural heritage, and to share the different experien-
ces of theoretical and applied research, which they 
conducted in recent years. The network also aims to 
develop a methodology that integrates multidiscipli-
nary processes of interaction with information aimed 
at survey, documentation, management, knowledge, 
and therefore, at the enhancement of heritage. In this 
scenery it is important to highlight two methodological 
requirements for action:
- Critical and logical summary of data
Being able to access a large amount of data does not 
necessarily mean to achieve a high level of knowledge.
In the management of the architectural heritage, to in-
crease the available data does not always correspond 
to a level of knowledge and awareness that enables 
the development of appropriate policy and managerial 
strategies.
Therefore, it is necessary to develop a model that takes 
into account a critical and logical summary of data; a 
model that can be a support to the choices and deci-
sions that are useful to safeguard heritage in time.
Knowledge can be experienced and made explicit 
through a drawing, selective and symbolic, whose new 
digital frame is the basin of information appropriately 
selected and interconnected.
This reduces the danger of running into a disorganized 
world of redundant information.
- Osmosis of cross-multidisciplinary knowledge 
Even though the cataloging methodologies for the con-
servation and reuse are well-established and proven, 
the geometrical, documentary, and iconographic com-
ponents rarely are related effectively between them.
We perceive, therefore, the lack of an osmosis betwe-
en the environments related to the design and execu-
tion of the works, and the sectors that operate in the 
administration, in the protection, and management of 
Cultural Heritage.
The challenge is ambitious because the interventions 
on the existing buildings present different problems of 
standardization with respect to what happens in desi-
gning new buildings.
For example, in the initial phase of acquisition and re-
presentation of the status quo, it is necessary to nor-
malize a large amount of data that have a highly mixed 
nature.
SoME oPEn ISSuES
The idea of bringing together in a unique virtual place 
all the elements which define the knowledge, “as desi-
gned / as-built / as is”, of the cultural heritage (archival 
documents, documents related to the different mea-
surement campaigns, status and the various types of 
degradation, the different phases and layers that over 
time have interested the fabric, etc ..) involves a reflec-
tion on various issues:
- The distinction between instrument and method
Historically, the term “instrument”, besides the physi-
cality of the medium through which we  can operate, 
represents the scientific and intellectual condition 
that is determined by the performance of a procedure 
[Koyré, 1967].
- Interaction / integration with ICCD records.
The need for interaction / integration between digital 
reproduction techniques and the current methods of 
cataloging and management of the cultural heritage, 
provided by the “Istituto Centrale per il Catalogo e la 
Documentazione” is always increasing.
The cataloging system, currently in force at national 
level, provides the use of records that contain techni-
cal, documentary or geographical information. These 
information are linked, in a hierarchical and dynamic 
structure, to other more specific type of records and 
digital contents.
An update of the records relative to the architectural 
heritage and their integration into a parametric virtual 
model is an essential milestone for the knowledge and 
the management of architectural  heritage itself.
Accessibility and data communication can be also classi-
fied according to different profiles, from a purely divul-
gative purposes to the most specialized, such as those of 
operational / procedural nature. [Parrinello, 2012]
- Methodological accuracy of the parametric virtual 
model.
In line with the principles of transparency, communi-
cability and repeatability of the methods and results, 
the three-dimensional representation of the building 
must comply with the principles of the Charter of the 
Architectural Survey [AA. VV., 1999] and the London 
Charter for digital visualization of cultural heritage 
[Bernard, 2009].
MEtHodoLoGY
When you investigate cultural heritage, the phenom-
enon breaks down into many parts, just like a drop of 
ink in contact with the water: a key element of the re-
search is the analysis, the aggregation of these parts 
through the definition of languages representative of 
reality and the experimentation of technological sys-
tems that support these languages, where each sign 
takes a specific meaning.
Our challenge is to propose a methodology aimed at 
the realization of a system which is:
- Informative / 3D cognitive, multi-disciplinary, imple-
mentable and scalable;
- preparatory to the setting of the design and mainte-
nance activities of Architectural Cultural Heritage;
- able to guarantee each kind of data permanence, 
consultation and implementation;
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Figure 1 Comparative analysis of the different configurations of the Pavilion V designed by Riccardo Morandi: the first realization of 1959, the interventions 
of 1996 and the restoration works of 2006. thematic drawings applied to structures of coverage and quantitative analysis of the natural lighting after the 
closure of some skylights. Processing edited by Edward Barberis.
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- where data is remotely accessible and understand-
able even by experts from different disciplines.
The identified phases are the result of reflections on 
a first experimental action conducted on case studies 
chosen according to different typologies in order to 
make heterogeneous and diverse the set of applica-
tions.
Phase 1. BIM and legislations on documentation/visu-
alization of Cultural Heritage
Currently, both at national and international level, the 
guidelines in charge of the identification of protocols, 
definitions, ontologies within the BIM applied to Cul-
tural Heritage have not yet been defined. Therefore, 
it is necessary a review of the standards, protocols, 
and existing guidelines on documentation / display 
and databases (ICCD protocols and cards; Architectural 
Survey international Chart; London Chart  for digital vi-
sualization of  cultural heritage; Seville Chart on Virtual 
archeology, ICOMOS CIPA, UNESCO standards) in order 
to update them to the international ones on the use of 
the Building lnformation Modeling -including proposal 
for rewriting UNI 11337: 2009 CEN / BT / WG 215, ISO 
/ TC 59 / SC 13 / WG 13 , ISO / TS 12911.
Phase 2. Architectural Survey and data normalization
This phase is very delicate and complex because it em-
bodies two sub- phases seemingly separated that have 
to be reasoned, organized and co-related. The first one 
regards architectural survey aimed at a primary defini-
tion of goals, of the typology and quality of data to be 
acquired (by using topographic instruments, 3D laser 
scanners, photogrammetry and drones). The second, 
even more critical than the first, concerns the integra-
tion, checking and testing of data obtained from  sur-
veying in order to get at an appropriate standardization 
[Lo Turco, 2012].
Phase 3. Parametric digital modeling
Also this phase is divided into two parts, the first con-
cerns the definition of metadata and descriptors to be 
parameterized in the model obtained from the survey-
ing in order to transform the real continuum in digital 
discrete (grammar of shapes, procedural modeling, 
identification of variants and invariants that define the 
elements and architectural language). The second re-
lates to the construction of parametric models and the 
integration of heterogeneous data in a 3D environment 
using connection and relationship of the information 
system [Casale, Valenti, Calvano, Romor, 2013].
Phase 4. Validation of the integrated model and the in-
teractive data bank linked to it  
At this stage we proceed to the analysis and resolu-
tion of metadata structural criticalities, testing the 
infographics system, the validation of the access and 
interconnection systems with external databases, the 
development of connections and relation with external 
data (Big Data).
Phase 5. Communication and Virtual fruition
the last stage involves the representation, shar-
ing and dissemination of the results both in aca-
demic and in industry field, as well as the identi-
fication of protocols aimed at the repeatability of 
the scientific process.
the identified steps are the result of the reflec-
tions that follow a first experimental action con-
ducted on some case studies selected for differ-
ent types in order to make heterogeneous and 
diverse set of applications. the aim, in the long 
term is the testing of a larger number of types 
of architectural assets, in order to achieve a me-
thodical and generalized protocol, aimed at the 
protection of architectural memory, as envisaged 
in the Charter of the Architectural Survey.
the validation of the integrated model and the 
Interactive database (phase 4) is a fundamental 
step for the purpose of structuring a streamlined 
workflow that can involve in real time several 
specialized professionals located remotely.
In order to allocate in the BIM model the het-
erogeneous recordable information at different 
stages of the process, you must connect the in-
ternal database with the applications designed to 
record this information on site. With this proce-
Figure 2 Physical logical scheme of the building information system for 
the building site management and data flow representation. Processing by 
Maurizio Bocconcino.
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dure, back office times are reduced and a sequen-
tial workflow, standardized and implementable is 
ensured.
In this way, the information system should re-
cord not only the number of access, but also the 
changes made to the data collection by diversify-
ing the functions available for each user profile/ 
competence.
this is feasible by exporting the database, own of 
BIM models (by definition formed by alphanumer-
ic and graphical components that can be imple-
mented), and their structuring.
the ability to query in a simplified way the wealth 
of information collected during the construction 
phase, and then to produce synthetic and compre-
hensive report of the work, can become a discrim-
inatory factor for the success of the work. this 
also facilitates the relationship of communication 
and transparency towards clients and towards all 
people involved in the construction process.
to make effective the operational aspects of the 
intervention, it is mandatory to organically focus 
these components in a complex of geo-alphanu-
meric models - three-dimensional and paramet-
ric, drawn up by the use of methodologies related 
to building information systems (BIM technologies 
indeed ) and of the relational database manage-
ment systems (database management System, 
dBMS).
this way it is possible to retain and process geo-
metric / dimensional information, as well as  nor-
mative, performance, estimate, material, man-
agement information. In order that the BIM model 
becomes the center of intervention information 
system, it will be enriched with additional ele-
ments that can keep track of site activities and of 
the variants that may involve. the integration of 
BIM / dBMS technologies with mobile type appli-
cations can orient the building process towards 
cloud-based management where a project infor-
mation is available anytime, anywhere. the above 
creates the conditions so that specific applications 
can be developed in the future for a Field Manage-
ment optimized and simplified.
the creation of an It platform - streamlined and 
integrated with the corpus of the database ofBIM 
systems - is essential to improve communication 
between the different actors involved in survey-
ing operations and subsequent intervention; It 
gains greater knowledge and awareness of the 
architectural heritage, both in qualitative and in 
quantitative terms, through unique identification 
of products and processes, by connecting these 
to the construction and management information 
[Bocconcino, Cangialosi, Lo turco, Serini, 2015]. 
the integrity and stability of the database, security 
and data management, in view of a reduction of 
the loading operation, are fundamental prerequi-
sites for the sustainability of the database.
As for the consultation of BIM data base it is nec-
essary to envision different user profiles, below a 
possible example:
manager - owner of the database, with the task 
of updating its descriptors, identifying technicians 
for updating information, checking data quality;
Figure 3 Building site image. Source: Luigi Ravelli’s Private Fund. He was 
the planning supervisor at Servizio Costruzioni Fiat - at the time of con-
struction of the pavilion [Bruno, 2013].
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Figure 4 The infographic drawing of Pavilion V. The  BIM modeling of the existing condition is the result obtained from the integration of photogrammetric 
survey, archival researchs and the processing of the geometries extracted from the point cloud. Processing edited by Edward Barberis.
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surveyor - employees with the task of updating 
and control, even in situ, the consistency between 
the models and the as-built condition;
technical operator - in charge of consulting the 
technical data / updating the formats that need to 
be validated by the operator who verifies the reli-
ability;
user - generic user of the database
CASE StudY: PAVILIon V oF torIno ESPoSIZIonI
As already mentioned, the proposed methodology has 
been applied to some architectural artifacts typologi-
cally different between them. In this paper we give  a 
synthesis  of the stages that explain BIM approach ap-
plication to Pavilion V of Torino Esposizioni, designed 
by Morandi in the late 60 ‘ of XX century.
The process aims to assess critically whether the BIM 
approach of geometric / relational nature, the most 
widely used in the optimization of the construction 
process applied to new construction, can contribute to 
the knowledge and the enhancement of cultural heri-
tage often overlooked and today involved in dynamic 
upgrading works.
For  modeling  the as-built condition of the pavilion we 
considered the symmetry and the modularity of the 
building, so we surveyed a span of the building type, 
through digital photogrammetry techniques [Inzerillo, 
Santagati, 2013; Galicia, Inzerillo, Santagati, 2015]. The 
resulting point cloud is the spatial reference for model-
ing [Parrinello, Picchio, 2013]. The images show a syn-
thesis of selection and measurement process of spatial 
coordinates with reference to the inclined connecting 
rods of the pavilion V.
The references have been imported on Autodesk Revit 
where, in correspondence of 12 altimetric elevations 
with respect to the floor level and the generatrices sil-
houettes of the volume of the connecting rods have 
been identified. A similar process involved the model-
ing of the roof beams.
At the end of the modeling process we have worked 
on the installation of a database finalized to collect 
the different found information. All the reports used 
for modeling, in fact, have been linked to their virtual-
ized components, associating an image parameter to 
the different categories of objects. In the case study 
the elements constituting a span type of pavilion were 
grouped, to which digital copies of archival documents 
have been linked.
This operation was repeated for different spans and 
the main features of the building, such as skylights 
and services. This implementation allows you to bring 
together in one virtual place the different processed 
discovered, often kept in institutions or funds are not 
always available.
The reworking of the model allows multiple queries 
and the production of thematic layouts (such as the 
identification of the different measurement campaigns, 
the identification of the types of degradation, the time 
variable control, ...). The ideal continuation of the re-
search work will help to create a sort of maintenance 
booklet accessible throughout the building life cycle; in 
addition, this feature, from next transformation of the 
pavilion, would allow the creation of an intervention 
certainly more aware and compliant compared to the 
experience of the pavilion.
The experiments carried out made it possible to hierar-
chically and semantically organize the complex graph-
ical-numerical apparatus on the studied architectural 
heritage that can be made available to the general 
Figure 5 Graphical representation of 
the reticular and dislocated nature 
of the actants clouds included in 
different entities that are involved in 
BIM processes applied to the Cultu-
ral Heritage. The size of the node is 
defined as a function of the number 
of connections and relationships that 
converge in it. Processing by Federico 
Caputo and Gabriele Fusaro.
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Figure 6 Exemplification of the various GRADE of the main building compo-
nents (Graphic detail, meaning commonly used in the most diffused guideli-
nes and international best practices to define the graphical content applied 
to virtual component), which may lead to the preliminary final and executive 
design according to the Italan Law for Public Works.
public, the scientific community but also of the profes-
sionals involved in future project interventions.
The database has been structured so as to achieve in-
tegrated management of the data which make it pos-
sible:
- The interconnection between the computer graph-
ics systems and different databases on the cataloging 
of archives, historical and iconographic sources and 
documents of archived projects [Marotta, Abello, De 
Simone, 2010];
- Referencing of the different layers (we consider pos-
sible architectural styles, as well as hypothetical resto-
rations, etc.) that have occurred over time, even for a 
critical assessment of future remedial action and inter-
vention on the existing;
- The production of reports of thematic graphics, de-
signed to qualify the nature and reliability of the metric 
dimensional data;
- The production of reports of all the functional fea-
tures of the model, information needed to verify the 
efficiency and the development of links, immediate, 
intuitive, between the as-built condition images, docu-
mentation, archival, historic images, diagnostic checks, 
the nature and type of degradation, the point clouds 
etc.
- The implementation of database management files 
remotely, increasing the possibilities of control and 
completion, even in situ, thus saving time re-release of 
the data in the back office and implementing the data-
base infographic available for different related opera-
tions the facility management disciplines.
FuturE dEVELoPMEntS
The BIM approach capabilities have also sensitized the 
policy choices taken at the European Parliament: it re-
fers to the approval of the reform of Public Works in 
July 2014.
The adoption of the directive means that the twenty-
seven EU Member States may encourage, require or 
compel the use of BIM. 
The countries that first implemented this legislation 
were England, Denmark, Finland and Norway. This 
means that in a little while will be binding deliver not 
only the elaborations on paper, but also georeferenced 
three-dimensional digital models, drawn up while re-
specting the norms and conventions derived from pro-
fessional practice, related to the degree of reliability 
of the model.
On this issue we would comment one topic more, re-
lated to different meaning of the word “measurabil-
ity”: if the geometric one is undoubtedly resolved and 
repeatedly mentioned in different documents that ful-
ly define the different metric detection operations, the 
same thing cannot be said for the ontological meaning 
intended as a quantitative enhancement of the reliabil-
ity degree of a survey.
More likely the future trials will led to the prepara-
tion of the replicable intervention protocols on a large 
scale, producing faked knowledge phenomena (in the 
meaning of Karl Popper) evaluating the possibilities of 
a critical mediation between the Italian law of Public 
Works and specification of LOD (Level of Detail, intend-
ed as degree of reliability of the model for data) and 
Grade (GRAphic DEtail, as the control of purely graphi-
cal contents) by reducing them to the themes of archi-
tectural significance, thinking about possible proposals 
to measure their pertinence [Lo Turco, 2015].
ConCLuSIonS
We agree in declaring that “knowledge is the first stage 
of conservation” [AA.VV., 1999] and the conducted re-
search corroborates this assumption. The opportunity 
to set up database in situ, even by less experienced us-
ers, significantly reduces the costs (of survey, drawing, 
design, construction and maintenance) because the 
data is not duplicated on the various applications and 
the information is no redundant, since it is a simple 
query of a shared virtual space. So, this guarantees a 
repeatability of the scientific process where the vari-
able element is the data, the fixed one is the process 
From a more scientific point of view, the application 
of these principles will allow to address and define a 
methodology for the knowledge (and the representa-
tion) of the Cultural Heritage that makes the virtual 
reconstruction, the processing and communication of 
data more transparent. It is therefore proposed a re-
flection on the infographic drawing, leading to a new 
form of design, and expanding the frontiers of our 
discipline. The concept of cultural dimension is thus a 
greater formal qualification in a permanent relation-
ship between architectural space and information 
space.
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